Introduction
Postoperative mediastinitis is a devastating complication after median sternotomy for cardiac procedure access. Previous authors have described decreased incidence of mediastinitis with the use of rigid plate fixation of the sternum w1x. Despite this, cerclage wiring of the sternal defect continues to be the closure method of choice in most centers throughout the country, leaving plating to cases complicated by infection. Song et al. previously argued that prophylactic sternal plating be performed in high-risk patient populations to prevent postoperative mediastinitis w1x. Various risk factors were postulated by Song, namely reoperative surgery, chronic obstructive pulmonary disease (COPD), renal failure, chronic steroid use, diabetes, morbid obesity, concurrent infection, off-midline sternotomies, immunosuppression, osteoporosis, transverse fractures of the sternum, and extended cardiopulmonary bypass. One factor not investigated was the radiated tissue bed, a common cause of wound healing issues. We present 14 patients (July 2003 -September 2008 ) with a history of chest irradiation who underwent a median sternotomy for the purpose of a *Corresponding author. Tel.: q1 616 459 7258; fax: q1 616 459 5215. E-mail address: hooker@wmcts.com (R.L. Hooker). primary cardiac procedure followed by bilateral pectoralis muscle advancement and prophylactic rigid plate fixation of the sternum. Our experience leads us to conclude that radiation patients are high-risk for sternotomy site breakdown with infection and prophylactic plating should be undertaken in place of cerclage wiring.
Materials and methods
Fourteen patients who underwent rigid internal fixation of the sternum between August 2003 and 2008 were reviewed. At our institution rigid fixation is often chosen as the primary method of sternal fixation in patients with a speculated high risk of sternotomy site breakdown andy or infection. We reviewed all patients who underwent prophylactic sternal platting including only patients with a history of breast andyor chest irradiation in our cohort. Data was collected detailing patient demographics, intraoperative technique, and postoperative outcomes. All data points were analyzed as potential risk factors.
The Sternalock system designed by W. Lorenz Corp was used. This system was specifically designed for use in sternal fixation and consists of monocortical self-tapping screws. A midline sternotomy was performed followed by the planned cardiothoracic procedure. At the conclusion of the case the presternal pectoralis muscle was dissected from the sternum extending laterally 6-9 cm. Bone-reducing forceps were then used to reduce the sternal halves and the sternum was plated from the manubrium to the xyphoid. A variety of plate configurations were used (Vertical X plate, Horizontal X plate, Box plate and Boomerang plate) and each were molded to fit the contour of the sternum. Each plate was appropriately positioned and straddled the sternal halves (Figs. 1-3 ). Generally, a JP drain was placed in the pre-pectoral space following elevation and re-approximation of the pectoralis muscle in the midline with interrupted 2-0 PDS. All patients underwent bilateral pectoralis advancement except in the case of a previous radical mastectomy. Mediastinal drains and subcutaneous drains were also occasionally left at the discretion of the primary surgeon.
The postoperative course was managed similarly to other cardiac procedures. Patients received intravenous cefazolin for 24 hours poststernotomy. If a cefazolin allery existed, vancomycin was used. JP drains were continued until output was consistently -20 mlyday. Patients were closely followed in the outpatient setting for signs of delayed sternal infection or malunion. Echocardiograms were obtained in all patients.
Results
The average length of follow-up was 55 months. A majority of the patients were female (92.8%, ns13) with an average age of 67 years. Breast cancer was the most common etiology of chest irradiation (ns11, 78%), and all of these patients received inner quadrant radiation. Other etiologies included Hodgkin lymphoma in two patients and lung cancer in one patient. Past medical history and associated risk factors are depicted in Table 1 . Two patients who had a history of previous midline sternotomy received cerclage wiring at the time of their previous operation as the primary method of sternal fixation. The procedures performed, pre-and postoperative left ventricular ejection fraction (LVEF), logistic European System for Cardiac Operative Risk Evaluation (EuroSCORE), New York Heart Association (NYHA) class and complications are shown in Table 2 . The average EuroSCORE was 24.06% with 72% of patients having a preoperative NYHA classGIII. A comparison between mean preoperative LVEF (49.6%) and postoperative LVEF (59.7%) was statistically significant (P-0.0001).
Of the nine patients who underwent a coronary artery bypass grafting (CABG), the radial artery was used in one patient, the saphenous vein was used in eight patients, and the left internal mammary artery was used in three patients. The internal mammary artery was pedicled and not skeletonized in all cases. The average time on cardiopulmonary bypass was 247 min (range: 134-546 min), while the average aortic cross-clamp time was 197 min (range: 100-412 min). Intraoperative findings included off-midline sternotomy in two patients (14.2%) and osteoporosis in six patients (42.8%). Additionally, all patients showed evidence of radiation injury to the sternum with essentially no bleeding from bony structures. On average three to four plates were use to fixate the sternum (range: two to five).
The average length of stay in the hospital was 8.2 days (range: three to 13 days). Patients remained on the ventilator for an average of 28 hours and in the surgical intensive care for mean of 2.7 days. Sub-pectoral and subcutaneous drains were left in for an average of 19.3 days. The overall total complication rate was 35.7% (ns5). The complications are listed in Table 2 . There were no episodes of sternal non-union, deep sternal infection, mediastinitis or death. One patient did develop a superficial wound infection and supra-sternal hematoma between the pectoralis muscle and skin. The hematoma was evacuated in the operating room and the infection was treated with a short course of antibiotics. Follow-up was 100% with a 0% 30-day and a 7.1% one-year mortality rate (non-cardiac). Currently, there are four deaths in this series, one cardiac, two cancer-related and one secondary to severe radiation esophagitis. All living patients currently maintain a NYHA class IyII. No specific risk factors were identified with an increase in postoperative complications.
Discussion
Radiated tissue beds have inherently deficient wound healing. Its effect on the postoperative median sternotomy wound was first recognized by Bostwick et al. w2x. They described five patients who required a CABG for atherosclerosis following chest wall radiation for breast cancer treatment. Four of these five subsequently developed post-operative sternal wound infections with osteoradionecrosis. Handa et al. also reported an increase in sternal wound infections in radiated beds of 6.8% w3x. Additionally, Wu et al. also noted higher rates of non-union in radiated patients vs. non-irradiated patients w4x.
Despite the obvious link between wound healing issues and radiation, larger trials investigating risk factors for mediastinitis failed to look at radiation as a potential risk factor. Zacharias and Habib described sternal wound complications in a population of 2317 patients and characterized risk factors using multivariate logistic regression. Chest wall irradiation was not one of their parameters w5x. Sachithanandan et al. performed a prospective evaluation of 4586 patients with median sternotomies and postoperative meadiastinitis w6x. They found five independent risk factors for sternal infection: insulin-dependent diabetes, obesity, use of internal mammary arteries, surgical reexploration, and transfusion of blood products. In total they analyzed 19 different variables by logistic regression; previous history of radiation was not one of the variables.
In 2004, Song et al. reported a 45 patients cohort receiving primary sternal plating with 0% mediastinitis, compared to 14.8% in a risk-matched population w1x. However, primary sternal plating in high-risk patients has been slow to gain popularity despite the trend toward rigid plate osteosynthesis in the fields of neurosurgery, orthopedic surgery, and plastic surgery. Postulated reasons include time and expense factors, drilling near the heart, difficulty in application, and barrier to emergent reentry. All of these issues have been addressed.
Postoperative mediastinitis is a devastating complication after median sternotomy for cardiac access. Previous authors have described decreased incidence of mediastinitis with the use of rigid plate fixation of the sternum. Despite this, cerclage wiring of the sternal defect continues to be the closure method of choice in most centers. These findings in addition to those already in the literature warrant a renewed focus on classification of patients into high-risk categories that may necessitate rigid plate fixation. We present 14 patients (July 2003-September 2008) with a history of chest irradiation who underwent a median sternotomy for the purpose of a primary cardiac procedure followed by prophylactic rigid plate fixation of the sternum and pectoralis advancement flap coverage. In our population, there were no episodes of sternal non-unionydeep sternal infection, mediastinitis or death. Primary sternal plating is not yet the norm, but it should at least be thought of as a superior option to cerclage wiring in highrisk patient populations, namely those with a history of chest wall irradiation. A randomized prospective trial is currently underway at our institution to validate these findings. The advantage of the plates stems from the fact that they stabilise the hemisterna by countering the forces in the transverse, antero-posterior and the cranio-caudal directions. Stability of the hemisterna in all three Cartesian coordinates is paramount for uninterrupted healing because even minor repetitive movements between the hemisterna predispose to bacterial migration from wound surface into the deeper layers of the wound and therefore predispose to mediastinitis.
However, plating has failed to gain wide acceptance because of many factors: cost of the hard ware, cost of theatre time -(which has not been included in overall cost calculations of using plates), an overall increase in operating time and fracture of the plates to mention a few. However, the Achilles tendon of sternal plates is the osteoporotic bone where, though the plates themselves remain undamaged, the screws pull out of the osteoporotic sternum and no longer provide stability. This becomes even more problematic in obese patients w2x. This may be one of the reasons that the investigators using sternal plates have reported attractively promising results in the shortterm but either the follow-up was not long enough or the delayed results have been less than satisfactory in regards to the long-term outcomes.
Technically, the problems of sternal instability will keep confounding the surgeons using sternal plating systems because the posterior table of the sternum is by and large unsupported directly. Wire encirclage sternotomy closures have stood the test of time because inherently by encircling the hemisterna they support the posterior table and provide stability in the antero-posterior and the transverse coordinates. The cranio-caudal instability becomes problematic in simple encirclage methods. The figure of eight method tackles this problem to a degree but becomes ineffective because the length of the single wire used fails to exert the desired torque. However, the modified parasternal wire method both for prevention and treatment of mediastinitis reported by me and colleagues provides much required craniocaudal stability and accounts for good results across a spectrum of high-risk patients w3x. The method has been used beneficially in patients with postirradiation history subsequent to initial publication of this method. Further, the potentially morbid procedure of pectoral advancement flaps seems to be an overkill. The flaps have been associated with seromas in a large proportion of patients but more importantly the flaps produce concavity at the donor site and a prominence at the pedicle site resulting in chest contour abnormalities w4, 5x. An average forty-eight months of follow-up revealed persistent pain and discomfort in the chest and shoulder; postoperative weakness in shoulder specifically adduction and inability to perform preoperative activities of sport or household chores among other problems w4x. Therefore, although muscle flaps are inevitable choices in sternal dehiscence for obliteration of dead space after sternectomy and indolent sternal infections, the potentially morbid procedures should not be used to provide the 'belt and braces'. Future innovations in closure techniques should concentrate on the sternal stability in the three Cartesian coordinates for secure closure.
